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- ABSTRACT

Samples of SRP- glass containing either simulated or actual radioactive
waste were leached at 90°C under conditions simulating a saturated tuff
repository environment. The leach vessels were fabricated of tuff and
actual tuff groundwater was used. Thus, the glass was leached only in the
. presence of those materials (including the Type 304L stainless steel canis-
ter material) that would be in the actual repository. Tests were performed
for time periods up to 6 months at a SA/V ratio of 100 m-1. Results with
glass containing simulated waste indicated that stainless steel canister
material around the glass did not significantly affect the leaching. Based
on L1 and B (elements not in significant concentrations in the tuff or tuff
- groundwater), glass containing simulated waste leached identically to glass
containing actual radioactive waste. The tuff buffered the pH so that only
a slight ircrease was observed as a result of leaching. Results with glass
containing actual radioactive waste indicated that tuff reduced the concen-
trations of Cs-137, Sr-90, and Pu-238 in the free groundwater in the simu-
lated repository by 10-100X. Also, radiolysis of the groundwater by the
- glass (approximately 1000 rad/hr) did not significantly affect the pH in the
presence of tuff. Measured normalized mass losses in the presence of tuff
for the glass based on Cs-137, Sr-90, and Pu-238 in the free groundwater
were extremely low, nominally 0.02, 0.02, and 0.005 g/mz, respectively,
indicating that the glass-tuff system retained radionuclides well,

INTRODUCTION

Savannah River Laboratory (SRL) and Lawrence Livermore Natfonal Labora-
tory (LLNL), as participants in the Nevada Nuclear Waste Storage Investiga-
tions Project (NNWSI), have a joint program investigating the performance of
- waste packages containing Savannah River Plant (SRP) high-level nuclear
waste borosilicate glass in a tuff repository environment. This paper
presents a summary of the results of the first phase of this joint SRL/LLNL
program. In this phase, the waste package (SRP glass and stainless steel)
was leached in a saturated tuff environment, 1.e., in the presence of excess
groundwater. A saturated environment represents a possibtle worst case since
- the potential repository horizon being investigated by NNWSI is in the
unsaturated zone and the amount of water will be limited. In these
saturated tests, the glass and waste package components were leached in cups
fabricated from tuff representative of the repository rock. Actual
groundwater was used. The cup had a tuff 1id; thus, the package was leached
in presence of only those materials that would be in a repository. The
- entire assembly was sealed in a Teflon® vessel so that the loss of
groundwater during the test was minimized.

In previous leach tests, SRP glasses, both radioactive [1] and simu-
Tated [2], have been leached in groundwaters of generic composition. Glass
with simulated waste has also been leached in the presence of rock from
candidate repository geologies [2]). The results of these tests suggested
that the glass should perform well in a repository environment and that the



groundwaters or the rocks did not accelerate leaching over that in deionfzed
water. Previous tests fn the LLNL program investigating tuff as a possible
repository site have shown that the presence of tuff decreased the leaching
of PNL 76-68 glass [3]. The concentration of leached species was much Tower
when tuff was present in the system,

In this paper, leach results in the presence and absence of tuff cups
are presented for both glass containing actual radioactive SRP waste and
glass containing nonradiocactive simulated waste. Based on results for Li
and B, both glasses leach simitarly even though radiolysfs effects were
noted in some long-term tests. For the radioactive glass, results are
presented for Cs-137, Sr-90, and Pu-238. In these tests, the presence of
tuff significantly decreases the concentrations of leached specfes. Results
indicate that the SRP Type 304L stainless steel canister does not affect the
leaching, Finally, the results in the presence of tuff are extrapolated to
the behavior of full-size canisters of SRP glass in a saturated tuff

enviromment.

EXPERIMENTAL

The two glasses used in this study were prepared using slurry fed con-
tinuous melters. For the radioactive glass, the melter was in a shielded
facility and was operated remotely. For both glasses, the respective waste
slurries were mixed with SRL Frit 165 (28 wt% waste on a dry basis) and
melted at 1150°C. The radioactive waste was obtained from SRP storage Tank
42. The glass melts were poured into thin-wall Type 304L stainless steel
cylinders 1.8 cm 0D. These cylinders were then sawed to produce 2 mm thick
disks for leaching. Final compositions of the glasses (Table I) were deter-
mined by analyzing solutions of dissolved glass. SEM micrographs indicated
the presence of less than 1% crystals {ferrite spinels) in either glass.

Table I

Principal Oxide Components {wt %) in Glasses
for the Tuff Repository Testing Program?

Radicactive Simulated Radioactive Simulated
Waste Waste Waste Waste
Glassd Glass Glassb Glass
Si0 51.3 56.2 Al504 10.5 4.9
Nazs 12.4 10.9 Fes(s 7.1 12.3
L150 6.4 4-7 Hﬂ 2 2.1 2-8
BolUj 8.4 7.0 €a0 0.7 2.0
Mgl 1. 0.78 NiQ 0.9 0.96
2 28% Waste, 72% Frit 165

b surface Dose Rate = 1300 rad/hr; specific activities (mCi/g) of

principal radionuclides:

Sr'go. 5-0; c5'137, 0.09; PU-238, 0-05.

2.



Tuff cups were prepared from tuff from an outcrop at Fran Rfdge on the
Nevada test site. This tuff is representative of that at the proposed re-
posftory horizon except for the presence of caliche in the outcrop. Caliche
is composed primarily of soluble S04*, Ci-, and NO3~ salts of Na, Ca, and
Mg. The cups were cylinders 5 om 03 by 7.3 on long and contained a borehole
2.5 cm diameter by nominally 7 cm deep. The 1ids were tuff disks 5 cm 0D by
0.6 cm thick.

Detailed leaching procedures are presented elsewhere [4]. Only the
especially pertinent procedures will be summarized here. Each test in a
tuff cup contained 3 or 4 glass disks (SA per disk = 4.7 cmg) separated by
Type 304L stainless steel spacers in a Type 304L stainless steel basket.

For tests where steel was absent, Pt was used. The glass disks had 600 grit
surfaces on both sides and were cleaned (along with the outer Teflor® ves-
sels) following MCC-1 test procedures. Caliche was not preleached from the
tuff cups; however, they were saturated with actual tuff groundwater prior
to each test. Sufficient groundwater from well J-13 at the Nevada test site
was added to the borehole to achieve a SA/V (glass surface area to ground-
water volume) of 100 m~1, J-13 water is a tuffaceous groundwater which contains
0.04, 0,14, 27, and 42 ppm of Li, B, Si, and Na. Principal anions are HCO3~
and S04¢~. To ensure that groundwater remained in the borehcle during

the test, approximately 40 mL of groundwater was placed in the annular space
between the tuff cup and the Teflon® vessel. All tests were performed in
Blue-M ovens at 90°C. This fs close to the expected maximum temperature at
which leaching could occur for SRP waste glass in a repository in tuff.

After each test, final volumes and pH values in the boreholes and in
annular spaces were accurately measured. The solutionrs were then analyzed.
Concentrations of nonradioactive cations were determined by inductively
coupled plasma induced spectroscopy. Anion concentrations were determined
by fon chromatography. Cs-137, Sr-90, and Pu-238 were determined by cali-

brated counting techniques.

RESULTS AND DISCUSSIONS

Detailed experimental data and discussions are in Reference 5. Only a
summary will be presented here.

Leach results are presented as normalized mass losses based on the
respective elements for each time period. This quantity is given by
NLj = N;/(SA x X;) where NL; 1s the mass of glass dissolved per unit
area based on species 1. N; is the total amount of species i measured in
the solution, SA is the sur}ace area of the glass, and Xj 1s the mass

fraction of i in the glass.

pH Changes in the Presence and Absence of Tuff

During the leach tests, the pH of the tuff groundwater changed from its
pretest value of 7.4 (Table Il). When tuff rock was present, the changes
were small, indicating that tuff rock buffered the pH. Also, the changes in
presence of Type 304L stainless steel were not significantly different than
those in its absence. Tuff rock could buffer the pH by two mechanisms -
furnishing species such as silica that decrease the overall dissolution of
the glass or by furnishing species that neutralize alkaline or acidic spe-
cies produced by leaching or by radiolysis. In all the tests with rock pre-
sent, the pH values of the solutions in the borehole and in the annular
space were equal, When glass alone was leached, the pH increased or
decreased depending on whether the glass was nonradioactive or radioactive.
When the glass was nonradioactive, the pH increased because of ion exchange

of alkali




fons {Li* and Na*) with H30* fons fn the tuff groundwater. When the glass
was radioactive, the pH decreased fn those tests that were 56 days or
Tonger. Anion analysis indicated significant amounts of F- and NO3~ had
formied in these tests by radfolysis of Teflon® and of moist air, respec-
tively. Formatfon of such anfons would be accompanied by H* formation and
cause a pH decrease. Apparently, the 2ir and Teflon® had received suffi-
cient dose at 56 days or greater to affect the leaching. Leach results for
B and L1 for these Tong tests were unrealistically high. Such effects are
not expected in a saturated repository enviromment where Teflon® and air
would be absent. When the tuff cups were present, much less F~ was formed
because the Teflon® was effectively shielded by the tuff vessel. NO3~

was still formed but not in amounts sufficient tec overcom» the buffering

capacity of the rock.

Table 11

Final pH Values for Leach Tests in Tuff Groundwater in Presence and Absence
of Tuff Rock Cups. Initfal pH = 7.42

System
Leach Norradioactive Glass Radioactive Glass
Time, Glass Tuff and Tutf and Glass Tuff and
days Only  304L Steei® No Steeld Only  304L Steelb
28 : 8.5 7.8 7.9 7.9
56 c < c 6.0 c
70 c c C 6.0 7.6
90 9.6 3.3 8.3 5.3 8.0
127 C c c 6.1 7.6
185 9.9 8.4 7.7 c c

3 7=90°C, (SA)} glass/solution = 100 m~1. Except where noted, the
results are averages of duplicate tests. Observed uncertainties (5.

D Messured in the borehole of the tuff cup. Values 1n an annular space
were within experimenital error of those in the borehole.

L&)

Tests were not performed for this system and this time period.

Comparison of Leach Results for Actual and Simulated Waste Glass

Based on the normalized mass losses for Li and B, the glass with actual
high-level radioactive waste and that with simulated waste leach identically
except for the long-term tests in the absence of tuff where radiolysis was a
factor. Results for both glasses are shown in Figure 1. L{i and B are the
bagt components in the two glasses to compare. These elements have reason-
able releases and have low concentrations in the groundwater and in any



caliche that may leach from the tuff cups. Figure 1 shows data for leaching
fn the presence and absence of tuff cups and presence and absence of Type
304L stafnless steel. Results for each test with tuff cups are presented
rather than averages so that the reproducibility of the test method s {1~
lustrated. Results for groundwater alone are averages of duplicate tests
and observed deviations are indicated by error bars. For the tests in
groundwater alone, data for the radioactive glass for tests 56 days and
longer are not fncluded because of the radiolysis effects discussed earlier.
The results for tests of 14, 28, and 32 days with radioactive glass are
included. Final pH values for these tests were approximately 7, fndicating
that radiolysis effects were not yet significant. The normalized mass
losses in groundwater alone are reasonable for this large SA/V ratio, and
are in agreement with results of Bazan [6] at comparable values of SA/V X t.

Normalized mass losses for tests with tuff leach cups were calculated
assuming that all the L1 and B that was detected in the borehole and the
annular space came from the glass. For the long tests, some Li and B were
in the annular space suggesting that they had migrated through the tuff.
The amount of L1 in the caliche was small; thus, the L1 results accurately
indicate the performance of the glass. Higher levels of B were present in
the caliche; thus, some B could have leached from the tuff cup even in tests
where small amounts of caliche was present. Presence of B from the differ-
ent amounts of caliche in the cups could explain the relatively large scat-
ter in the normalized mass losses based on B in the presence of tuff.
Accurate correction for the amount of B leached from the rock was impossible
because of the nonhomogeneity of the rocks and the migration of species
through the tuff cups.

The results in Figure 1 indicate that Type 304L stainless steel is not
affecting the leaching. More important, however, the presence of tuff
decreases the amount of Li or B in the final leach solutions.

Effect of Tuff on Leached Radionuclide Concentrations

Normalized mass losses for actual radioactive glass based on Cs-137,
Sr-90, and Pu-238 in the presence and absence of tuff are shown in Figure 2.
Radionuclide concentrations both in the borehole and in the annular space
were used in calculating the normalized mass losses. In some longer tests,
significant amounts of the radionuclides had diffused through the cups.

This diffusion is discussed later. Results of all the tests with radio-
active glass are presented in Figure 2. Single tests were performed for
each time with the tuff cups. Duplicate and triplicate tests were performed
in absence of tuff and the error bars indicate the reproducibility of the

data.

For the tests longer than 32 days in groundwater alone where the pH
decreased due to radiolysis (Table 1I), the amounts of Cs-137, Sr-90, and
Pu-238 in solution were equal to or less than those at shorter times even
though the releases of Li and B increased significantly [5]. This indicates
that the concentrations of these three radionuclides are controlled by the
solubility of some solid phase and not by dissolution of the glass. Con-
stant values for NL(Cs-137) and decreasing values for NL§Sr~90) at long
times have been observed in other leach tests at 90°C [7). Nearly constant
values for Pu have also been measured [7], suggesting that the large curva-
ture in Figure 2 for NL(Pu-238) may be due to experimental error. This is
reasonable considering the large uncertainity in the Pu-238 results. The
values for normalized mass losses based on the radionuclides are reasonable
when compared to results obtained at a Tower SA/V [7].

5.



NL (Li), g/m?2

Rock Absent

ﬁdf

Rock Present

—v -2
1 ]
150 200 250
8
~ 6
E Rock Absent
: 4
= a
-
2 - 1
Rock Present
i 1
0 50 100 150 200 250
Leach Time, (days)
Figure 1. Normalized Mass Losses Based on Li and B for Actual and Simulated

SRP Waste Glass in Presence (solid symbols) and Absence (open
symbols) of Tuff Leach Vessels. ¥ Radioactive glass, entire
system; ¢ , Radioactive glass, tuff absent; a Nonradioactive
glass, entire system; @ Nonredioactive glass, Type 304L SS
absent; DO, Nonradioactive glass, tuff absent. T = 90°C,
SA/V = 100 m-1



NL (Cs-137), g/m?

-l
H
L)

NL (Sr-90), g/m?
P

0.16

0.12

NL (Pu-238), g/m?
(-]
7]

Figure 2.

?
{NL x 10)
I—A
120 160
160
160

Leach

Tuff Present A

Decrease in Normalized Ma
to Tuff Rock. T =

Time, (days)

Tuff Absent DO

ss Losses forICs-137, Sr-90, and Pu-238

, SA/V = 100 m™



Tuff rock decreased the concentration of each radionuclide in the final
solutions. In the 127-day test, the decrease was 120X for Cs-137, 14X for
Sr-90, and 4X for Pu-238 compared to results fn groundwater alone. After
the tests, the cups were radioactive indicating the presence of Cs-137, and
presumably Sr-90 and Pu-238, within the cups. Sorption could be one cause
of the decrease. The larger decrease for Cs-137 than for Sr-90 is consfist-
ent with Cs-137 having a larger batch adsorptfon coefficient than Sr-90 for
this type of tuff. The measured coefficient for Cs-137 1s 6X larger than
that for Sr-90 [8]). Ion exchange with cations in the feldspar in the tuff
could also cause part of the decrease. Finally, the rock could be furnish-
ing species (such as Si) to the solution that would slow the dissolution of
the glass. This does not appear to be the most significant effect of the
rock since the normalized mass 1oss based on B is decreased by only 2X by
the presence of the tuff (Figure 1) while decreases for the radionuclides

were much larger.

Radionuclide Migration Through the Tuff Leach Vessels

In tests longer than 28 days, significant fractions of the Teached
radionuclides had migrated through the 1.3 cm thick wall of the tuff leach
vessel (Table III). No radioactivity migrated through in the 28-day tests.
In the 70-day test, morc radioactivity was in the annular space than in the
borehole in that cup. Also in this test, the concentrations of caliche
species (Na*, Ca2*, C1-, and SO42~ ions) were equal on both sides of the
tuff wall suggesting free migration of these species through the cup. Close
examination of this cup showed that a crack had developed as a result of
dissolution of the caliche. The cup used for the 127-day test was pre-
Teached to remove the caliche. Removal was confirmed by the appearance of
very little caliche material in the final leachate. For this test, only
Sr-90 migrated through the tuff. Failure of Cs-137 to migrate to the annu-
lar space is consistent with its much larger adsorption coefficient than
that for Sr-90. LLNL is now analyzing the migration data to obtain estimates
of diffusion coefficients for the respective species.

Table 111

Fraction of Radioactivity Migrating Through the Tuff Leach Cups
in Long Term Tests?

Fraction of Radioactivity in Annular Space

Leach

Time,

davs Cs-137 Sr-90 Pu-238
70 0.51 0.72 0.13
90 0.29 0.35 0.00
127 0.00 0.15 0.00

8 padioactivity remaining in the rock was not included in this
calculation,



Application to Repository Disposal

The results presented in Figure 2 {ndicate very Vow concentrations of

Cs, Sr, and Pu from the waste glass in the groundwater in the presence of
tuff. Based on the estimated isotopic ratios of these respective elements

fn the glass [9] and the half-1ives of the measured radfonuclides, the con-

centrations of the total amounts of Cs, Sr, and Pu in the borehole of the
127-day test in presence of tuff are 0.007 ppdb, 0.2 ppb, and 0.006 ppb,
respectively. To apply these results to repository disposal, it is neces-

sary to extrapolate the groundwater volumes of these laboratory-scale tests

to those for full size canisters of SRP waste glass. Extrapolation of the

surface area of the glass fn these small-scaks tests to the surface area of
)

completely exposed monolith of SRP glass (5 requires that 50 L of
groundwater be in the repository borehole. If the annular space in the
laboratory scale test 1s included, a total of 210 L would be in the full-
scale case. Using these volumes and the concentrations measured in the
small-scale tests, the fraction of each element in the groundwater can be
calculated since the amount of each fn the actual glass 1s known {9]. If
one assumes that the concentrations measured fn the 127-day test can be
extrapo1?ted to one year, the annual releases of Cs, Sr, and Pu are less
than 10-/ of the inventory even if the amount of groundwater equivalent
to water in the annular space is considered. Longer tests are planned to-
measure the concentrations of the radionuclides after a year.

Conditions used in these experiments correspond to the case where a

glass waste form is in contact with 50 L of water that has accumulated in a
borehole. This condition is substantially different from the expected con-
dition in an unsaturated zone tuff horizon where water would not accumulate
in the borehole, but would pass through and drafn away. The water flux past

each DHLW canister should be approximately 1 L per year. The dissolution
rate of the glass waste form under this condition should be much less than

that observed under the condition of complete immersion.

CONCLUSIONS

The data presented in this study support the following conclusions
concerning the performance of SRP radioactive high-level waste glass in a

saturated tuff repository enviromment.

1. Borosilicate glass containing actual radioactive waste from an SRP waste

tank and glass containing simulated waste leach identically within the
experimental uncertainities in this study.

2. Tuff rock buffers pH changes caused by leaching and by radiolysis.

3. The presence of tuff significantly decreases the concentrations of
Cs-137, Sr-90, and Pu-238 in the leach solutions by sorption or fon

exchange processes.

4. The presence of Type 304L stainless steel does not significantly affect

the leaching process.

5. Extrapolatibn of these results to a geologic repository containing full-

scale canisters of SRP glass in a saturated tuff environment suggests

that annual fgactional releases of the three radionuclides will be much

less than 10~



10.
FUTURE STUDIES

These results 2re from the first part of an {ntensive program investi-
gating the performznce of SRP glass in a geologic reposftory in tuff.
further experiments are being perfcrmed not only at SRL but also at LLNL and
Argonne Kational Laboratory (ANL). The future experiments concentrate on
evaluating the performance of the glass and the waste package in an unsatu-
rated repository envircnment.
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WG =~ O00Y IMRCVONR RMSIATION SETECTED, SUENLE-C = SOLNTION SNLED AFTER  COOLING M@ BOT FILTERED.
N« DISINTEGRATIONS PER NDWE. TEST WHE SESIGWTION: MG-RADIONCTIVE GLASS, 1 = NOMAMSTOMCTIVE GLASS, S04 SS, T~IWFF.
TP ULWTINFACTOR = 0.
IC DTLUTION FACTOR = V=20,



P, ), WGST,B05TR

e 3 LERGIING  SIMKATES SIP  GLASS M0 04 SS IN TWFF WESSELS

TEST COPOENTS:

TUFF  PRESENT INITINL VOLUMES: (o) GASS SUNFACE MRER = 1.6 OR.

STERL PRESENT SIRENLE .3 KX

GASS MESENT MmN P B

FDIL CONCENTINTIONS  (PPW)
TEST LD OTIL FDML FDWL - CATIONS NS
WNE TDE SAWIM g4 g0 VODE N 8 ® U M fi G WM N & - Q- - -
s

WST-1 2 OBWEA 74 63 10 M4 181 WS W ND ML W1 KD .7 .09 MD. RA WA, RA. MR WA
DOMEWOLE-F M4 1686 M0 L4 ND. ND. e MO .M .12 NB. MR WA NA NA. A
MR 74 03 @ &5 & X4 O AL NE 57 AL N .03 ND. MR RN RA EA BA

WST-2 2 ML 7.4 03 W M7 40 B4 20 NB KD W1 RO .8 97 KD RA RA NA RO RA
DOREWRE-F e 481 NS 22 ML RD. W2 RD .21 M NB. NA MA RA NN LA
M 74 05 @ N7 AN B M AL RN L7 KL ND. 5 ND. RA RA  NA  RA RA

MEST-3 91 SOEDNRER 74 02 11 M3 1R MY 8 NS M) 21 nD. . .M ND. RA RA. RA RA A
DORENLE-F M2 AU e LB NS B M7 AL 2 . ND. RA RA RA NA LA
SR 74 63 0¥ 67 1S WS B N0 NB 214 ND WS 12 NB. KA KA RA RA. WA

NaST-¢ 91 DOEWRE 7.4 0.2 9 %9 A8 ML 231 NS, KB 189 MO .M LM RD RNA NN MR WA MR
DOEMLE-F 0.3 11 M4 2 NB D W70 KD .2 10 N MA MO RA NA. MR
M 74 05 03 B4 1M B0 5 AN KL %7 O M 57 KL ORA RA NA O RA LA

WST-5 100 DOEWRE-N 7.4 04 7 M2 47 ®m0 ¥ M. N NN ND. .3 . MBS MR 6.5 WA 182 1982
SOREMOLE-F T3 4D 10 29 A0 ND MR D @ 87 ND 29 M NN 1Ee? 1.2
UR 74 07 N 84 1B B4 T KL ML KA KD B 0N ML 04 B2 RA LE? 5.0

NST-S M0 OEEWLER 74 89 8 W1 LR WS LB N0 KD WA RO ND. B RE. WA TS KL &£8 N
DORENOLE-F 02 52 W2 L8 N0 BB A O RRL 11 11 AL 38 158 NA 9 NP
s 74 68 ¥ O1 2% A3 0% RO, N NN ND RS B MO 31 85 RA M3 &)

oo >3 we  om) NS M @47 M 08 00 BE 08 1B 60 60 2 67 0 &3 mi

ALYTION. SETECTION LIMITS S 0 82 3 B 2 8 N N % NN 10 1R B
OIS LA« DATA BOT AWILALE. SRENLE-N = SOLUYION SHPLED WELE WO,
.0. = WOV DETECTED ORENLE-F = SOLUTION SWILED AFTER  COOLING M FILTENDNG.

NA

e .
100 OTLUTION FACTOR = 1.
Ic

TEST INE DESTGMTIOR: 4 = DARIORCTIVE GLASS, NG = RONMMEIONCTIVE GLASS, S = 384 SS, T = TWFF,
OILUTION FACTOR = 1.



APP. 4 6T 00ST

TEST CONPONDNTS:

TOF  PRESENT. INITIA vaLmes: (o)
STEL MISENT. Bt 7.8
QRS PRESENT. LR PNE  ED
TES LEAOM DITIA FIML FIML

WE TIE, SO N oo o

oRYS

4 B KEWEE 74 78 “ ne

DOREWOLE-F ®.2

mem 74 73 3 2

W2 2 KEMER 74 01 2 s

DOREMOLE-F fa.e

mam 74 00 R e

M3 9 WOENMES 74 03 0 n4

SONEMOLE-F .1

mam 74 07 N 9N

M4 9 OEME4 74 83 7 9

OEMAE-f “us

M 74 08 U ns

TS5 10 DEEWAEN 74 7.7 7 KA

DORENLE-F n.2

;s 7.4 0.1 » a0

N 13 wre () s

MRALYTION. BETECTION LINITS

WOTES  N.A. = DATH ROT AWWILARE.

ILD. = SPECTES T DETECTED.

IC° OILUTION FACTR = 1

IC OILUTIMN FACTR = 1

o ¢

GRS SFNE MER - 7.0 R
T=9%

e
.2
M
0
wn
19
.0
.9
| ¥4
A

M

LX)
m.2
m.1

740
an
™.2

n.s
6.9
8.7

1.3
7.8
ms

KA.
..
.

8.2

N
>0
"

S
i
an

n?

oo
0.9
.0
L1
LA
A
4

b

0.e
a3

OGRENQLE-H = SOLNTION SWWRLED \WILE  WOT.

OORENGLE-F = SOLUTION SWPLED AFTER  COOLING MO FILTENDNG.

TEST NME DESTGMTION AG-RAITORCTIVE GLASS, * NONMGTONCTIVE GLASS, S0 SS, TeTFF.
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APY_S, RGS, BOST

e S LEARING ~ WWTOACTIVE SIP GLASS A 304 SS IN J-13 UANTER OWLY.

THT CYPONETS
oF M. INITIML WOLME: 4.7 AL,
SEEL PIESEW. AASS SIFACE MEN s 4.7 O
GRS PRESENT. T=9% FOWL  CONCENTRATIONS
ONTIONS

ST LEAOH NITOL FOWL  FDAML [T (rm) om
WE TDE, SOUTION g pH VALBE 0177 S8 AN 918 4 ) B U4 M Ff G W N F Q M W O

s
M1 7 FOWER 724 7 48 164 L@ES m A1 1LY 82 LR 1@ % M .M 72 S7 mb 87 ®a
M2 7 FOIWIER 24 97 4N 20Kt LOES W A5 2 &1 10 9 M LA M B 17 54 ML 47 BB
M3 7 JOWIER 7.4 7 40 2.4E4 L2ES PR XS 2.0 &5 1O 13 M TH4 M 10 42 S5 Wb 75 m™
Y. OO 74 N AW AN AT B O BE XY 1M &1 19 0. NN 6N .00 .8 1Y 47 w1 21 W
NS5 14 JFIOWTER 7.4 o7 4% 2% SYES S MR N8 2.0 @9 4 2 W 68 Ml .2 14 S2 12 22 Ay
M-S W PDWTER 7.4 7 441 43%4 108 B M 415 28 0 LB .M W 1MW .M 4 R4 43 WY1 22 0
ST B FOWIER 74 B0 47N BME4 4765 WH W BI LM &0 4 TH 4 C& LB 1@ 11 N5 NE 48 NS
MY B JOWTER 7.4 7.0 40 S9% 1GOE8 BN MR B2 48 Ml M 28 1) LN .2 .M B M4 U5 18 N8
M-S 2 JOUWER 74 7.2 47 0084 2068 W PR A0 4M @1 M LW B S5 N % W B B 28 wo
MW R FOINE 7.7 59 4@ 1085 LB M L BT LR NS N® A .9 NI 0M N N1 N1 84
B 2 FIWNE 2.7 T8 4N 106t 2264 ™ %) 5% N8 28 @ 531 NRIN LMW B M2 s Qs
M2 W JOWTE 27 51 A0 B SHES TN ML 81 251 W21 2® NN N 14 Y0 1.5 M 54 43 87 ot
M3 %W FOWER 7.7 60 411 B0 20E8 M MR %4 NS M) N SN N 28 S22 R @ 45 B 51 M
M4 N OFOWER 2.7 59 AW OO0E-d ANED B9 10 1215 WS N9 UM B2 A 168 SH 1N W KA % 52 218
M-15 7 O>OWE 727 81 A0 S.TEed 20MD 618 140 1558 BH 8.2 AP WA .U 14 18 B M M WM 45 28
BN 8 O FOIWER 7.7 50 4% 09Ed LI TS NI 1S NN M0 NO BN B 1N BN N B N2 M 43 1S
17 9 FRWER 7T 5.0 5.00 B.WEd 1.AED 10D L0 1.0 N 1372 NN N®N W .M NW 18 M N2 U 82 W7
MW 17 FOWER 77 0.1 4% 0284 TNES M 5.2 10 @8 .0 BW O US . 7 NN N A A AN ER BB
MS-19 17 FOWER 7.7 5.1 3% 1065 SEE5 M AMEI 150 WM A0 B0 ME 2 & N0 N W A N LA B0
W J1 TR (W) NS M S£7 M 00 8 D4 LE 13 2 67 8 89 w1

ARMYTION. DETECTION LTMITS | L] ] B N N % 5 W BN NN 18 1NN

NOTESS NN = OATA NOT MWRILABLE. 0P = DISTITEGMITONS PER NDISTE TEST HAE QESIGIRTION:
RD. = SPECIES W DETECTED, I ONOTIRACIR o W

X RG-RAOTOACTIVE GLASS, NG « WONRAMIDOACTIVE QLASS, Se304L SS, ToTOFF.
WG = GLY IACEGROND MDIATION DEVECTED IC EILNTION FACTOR = 1-20. .



APP_ G, NGS, 08T
-»
MEEX & 0O STAAMEESP  anss I 1 WTRR.
TEST OTPIENTS:
TOF  ADSENT. TTIA VOLONE: 10.3 oL, QASS SINFRGE MER - 1.3 OR
STER. MSSENT. T = 8% T =9
QRS PRESENT.
FOW. OMCBNTRMTION  {PP)

TEST LEMH DETIA. FIWL  FTAML CATIONS
WE TIE, ST g g ueE N ] W U N B O WM M OT U - Q- R W e

oS
1 A FUWERR 24 93 1 %I AW PFe 55 & RD 4B MD. 0§ 4 8 WA MA WA RA WA
NG OB I TERF N2 4 WE SW® KL RO %04 WD 07 .07 57 A RA NA LA R
M3 B JUWERR 74 St 17 S5 42 B35 53 M 0 WM OMD. 0 B 84 MA WA RA BA R
M4 B IVUTRF S 46 W3 304 A0 MDD 3B WD B M 51 WA WA MR EA WA
M5 9 INWERA 24 S8 7 ME 0% %4 W LW 8 87 AND. 9§ MD. 8% mA WA KA WA KA
NS N NGRS Bl 1M W1 105 L2 .8 28 ND 6W @ 101 NA NA RA DA BA
M7 9 O JUWIRE 74 87 1 0.2 N M N1 18 M .23 180 .BM KD 14 KA KA RA LA RA
M N>R 7.4 MM M1 DY L6 @ B B RO N0 1.3 MR O RA WA R RA
WA ™M UMM 74 W2 W OWE0 W W0 1o 18 &4 e 8 B35 ND 22 AN 64 WK 81 NI
Ge W ININTERF 0 WO MO 7% 18 Kb ne KD BB S 23 5 1u7 W & %o
N M INWEE T4 989 W N1 BN M0 N0 LW 7 LR S MR ND 22 5S4 114 NN @1 w4
B2 N NS Ny WM W MW LB N0 KA KD W WD 23 69 ®IS WA S1 nBS
oD J Wl (W) NS 4 &7 M L8 0D N4 8D LB 0 0 2 &7 8 &8 1

ABALYTIOW OETECTION  LIMITS .5 N BN 0 »® S 0 OO0 0 a6 35 % B 1N 1279

WOTES: LA, = OATR 0T AUATLARLE.
L0, = SPECIES RO NETECTED. I NNTIEFRCTR = 1.
313 URTER-H = SOLUTION SAWPLED (NILE WOT, IC IOSTIOFACTOR = 1.

13 UNTER-F = SULUTION SMAPLED AFTER OOOLING MO FILTERING TEST IWE DESIOMTION: n-mmn-mms-ﬁsr-m.



